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Abstract 
As also offering accommodation supply just the same as B&B, the hotel industry, including international and regular tourism 
hotels which were strictly classified and regulated by Tourism Bureau in Taiwan, played not only a competing role in attracting 
visitors’ accommodation more or less, but an operational and profiting benchmark in some aspects to all the B&B owners while 
evaluating their own operational housing performance. The monthly practical statistics which were obligatedly submitted to 
administration by each B&B and hotel were collected in this study. Three housing performance indexes, including the room sold 
ratio, averaged room price, and averaged productivity per employee, were calculated and analyzed. The statistical procedures, 
including correlation analysis, K-Means clustering, MANOVA analysis and MDS as well, were respectively conducted to 
explore the correlation of dependent variables within B&B and two kinds of hotel, classify each accommodation object into one 
cluster based on relative similarity, test the hypothesis of heterogeneous means existing in factors or clusters, and finally reduce 
the dimensionality in order to have better and easier visible interpretation. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of Asia Euro Conference 2014. 
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1. Introduction 
Integrated with natural resource, culture, heritage, transportation, hospitality, MICE, shopping, leisure, exhibition, 
etc., tourism industry is particularly important to more and more countries (Kuo, 2012). Over the past six decades, 
despite occasional shocks, tourism industry experienced continues expansion and diversification, becoming one of 
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the largest and fastest-growing economic sectors in the world (UNWTO Tourism Highlights, 2013). According to 
the newest investigation by World Tourism Organization (UNWTO), this industry worldwide contributed 9% of 
world GDP directly or indirectly, brought one of eleventh jobs offered, exported 1.33 trillion US$ which roughly 
equaled 6% of world’s exports, the international tourist arrivals (ITA) increased to 1,035 million in 2012 from 25 
million in 1950, 278 million in 1980, 528 million in 1995, and international tourism receipts (IRA) first exceeded 
1,000 billion US$ in history and reached 1,075 billion US$. The comparison of ITA during last 2 decades was 
illustrated in Fig. 1. 
 
Fig. 1. ITA comparison in different years (in million). 
 
In addition to ITA, UNWTO estimation, there were 5 to 6 domestic tourists worldwide in 2012. According to the 
governmental investigation of domestic travels in Taiwan (Tourism Bureau, 2013), 92.2% citizens had domestic 
travels in 2012, lower than 95.4% of 2011 and 93.9% of 2010. During the year of 2012, the yearly average number 
of domestic trips per person was 6.87, meanwhile, the quarterly domestic travel rates were 72.6%, 66.4%, 64.8%, 
and 65.8%, respectively. The related information of average number of domestic trips per person and proportions of 
people having domestic travels are given in table 1. Table 2 offers key indexes of domestic traveling nationwide 
2010 to 2012. Table 3 illustrates the accommodation choices and distribution on duration of tourist trips nationwide 
investigated by the same governmental survey. 
Table 1. Ave. number of domestic trips and proportions of having domestic travels 
Year  
Q1  Q2  Q3  Q4   Whole year 
Ave. trips %  Ave. trips %  Ave. trips %  Ave. trips %  Ave. trips % 
2010 1.62 72.9  1.51 66.8  1.50 65.2  1.45 67.3  6.08 93.9 
2011 2.07 74.9  1.87 68.1  1.73 69.2  1.75 68.8  7.42 95.4 
2012 1.74 72.6  1.63 66.4  1.75 64.8  1.75 65.8  6.87 92.2 
Table 2. Key indexes of domestic traveling nationwide 2010 to 2012 
Items 2010 2011 2012 
% of domestic traveling 93.9% 95.4% 92.2% 
Ave. number of domestic trips  6.08 7.42 6.87 
Total number of domestic traveling nationwide (in thousand) 123,937 152,268 142,069 
Ave. nights stayed per trip 1.49 1.50 1.47 
Ratio of traveling in holiday 71.9% 69.7% 71.2% 
% satisfying domestic traveling overall 98.0 98.1 98.1 
Ave. traveling expense per day (US$)  40.80 46.10 43.66 
Ave. traveling expense per time (US$) 60.81 69.14 64.16 
Total expense of domestic traveling (billion US$) 7.537 10.527 9.114 
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Table 3. Accommodation choices and distribution on duration of tourist trips 
Year 2010 2011 2012 
Accommodation choice 
Same-day return 70.00% 69.70% 71.90% 
Hotel 12.60% 13.20% 11.90% 
Friends or relative's place 10.30% 9.40% 8.60% 
B&B 5.70% 6.00% 6.10% 
Reception house or activity center 0.90% 1.00% 0.90% 
Camping 0.50% 0.60% 0.50% 
Other 0.10% 0.10% 0.10% 
Number of days travelled    
1 70.00% 69.70% 71.90% 
2 19.40% 18.90% 18.40% 
3 7.60% 8.20% 6.90% 
4 or more 3.00% 3.20% 2.80% 
Ave. duration of each trip (days) 1.49 1.50 1.47 
 
On account of appropriate leisure commonly being expected, Taiwan started leading-in two-day weekend since 
1998 partially, and done fulfilling in 2001 completely. Since then, the developing of tourism industry kept on 
prospering due to pursuing the balance of working and leisure among people in Taiwan. As indicated in table 2 to 
table 4, some key points can be highlighted as follows. First, more than 90 percent Taiwanese citizen had domestic 
travels from 2010 to 2012. Second, in the portion people with domestic traveling experience, citizen here, in 
averaged, took trips more than 6 times annually in these 3 years. Third, the averaged nights stayed were steadily 
around 1.50 per trip. Lastly, among roughly 30% of non-same-day return domestic travelers from 2010 to 2012, 
about 18 to 19 percent of them night stayed in hotel or B&B. 
Both offering accommodation for travelers, though differing in market segmented, leisure type desired, 
experience expected, and functionality offered, hotel and B&B competed with each other more or less when 
attracting traveler to lodge in. Therefore, the comparison of operational and profiting performance between hotel and 
B&B is worthy of exploring, conducting and analyzing. After comprehensively reviewing correlated literatures 
associated with operational performance for hotels and B&Bs, this study found, though not that well-popular, most 
researchers concentrated on hotels’ operation instead of on B&Bs, not to mention no paper so far making operational 
comparison with and offering dialog between these two accommodation suppliers. 
Aimed at making comparison with hotels and B&Bs simultaneously, this paper hopes to offer the dialog platform 
when evaluating operational performance between different accommodation suppliers. Thus the purpose of this 
study can be drawn as below. 
 
1) To explore the descriptive statistics and correlation between 3 operational indexes, including room sold ratio, 
averaged room price, and averaged productivity per employee with respect to different accommodation 
suppliers and quarterly horizon. 
2) To classify objects, no matter which it belongs, B&B regular hotel, or international hotel as well, into a proper 
cluster to figure out the similarity in operational efficiency. 
3) To hypothesis-testify the heterogeneous multivariate means existence among different accommodation 
suppliers, period horizons, and clusters.  
4) To transform these complicated positions and corresponding distances originally exists in high dimensions into 
2 dimensions for easy interpretation. 
 
The rest of this paper is organized as follows. Section 2 presents a brief review of the relevant literatures. Section 
3 first gives a brief instruction of data used in this study and then outlines the methodology of the whole analysis 
process. Section 4 describes the empirical finding, while discussing and conclusions are drawn at Section 5. 
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2. Literature review 
Based on the areas and cities where the tourism hotels and B&Bs located, transportation and climate conditions, 
attributes of the tourism resource around, difference between peak-season and off–season, available guestrooms, 
human resource, and structure of operation cost etc., different accommodation suppliers draw different competition 
strategies. 
During the past 2 decades, the discussions of hotel’s operational efficiency attracted lots of research attentions in 
Taiwan. The correlated research subject in the pass 2 decades covered operating efficiency, lodging requirement 
traveling expenses, consuming behaviour, operation strategy, location changes of international tourist hotels. C.H 
Yen (1999), W.C. Liu (2002), K.H. Chen (2003), X.H. Wang (2006), and Y.T. Lin (2008) studied on operating 
efficiency of the domestic international tourism hotels. S.T. Zhang (2004) and W.H. Huang (2006) estimated 
respectively the lodging needs of domestic international tourism hotels between the local tourists and the foreign 
ones. H.T. Chen (2002) explored the recreation hotels tourist consuming behavior. H.H. Yang (2002) discussed the 
relationship among corporate culture, corporate vision, operating strategy and performance based on canonical 
analysis and regression analysis. Y.H. Chen (2005) analysed the location shifts of international tourist hotels in 
Taipei city. Y.H. Kuo(2010,2011) went into the operating performance of international tourism hotels. Among these 
issues, data envelopment analysis (DEA) and balanced scorecard (BSC) were the two main research tools adopted 
by researchers to evaluate the practicing efficiency of international hotels. 
Though the operating efficiency of international hotel in Taiwan has attracted many researchers devoting their 
efforts, yet it seems that there has been no study presented so far to systematically analyze the operating efficiency 
of B&Bs. The reason for this poor devoting may result from, not only the difficulty of data collecting, but the 
accuracy and authority that can be trusted.  
As typically being operated either as a secondary source of income or a primary occupation, a B&B is a small 
lodging establishment that offers overnight accommodation and breakfast, but usually does not offer other meals. 
Since 1980s, the meaning of the term has also extended to include accommodations that are also known as "self-
catering" establishments. 
Since the management regulation was legislated and enforced in 2001, the developing of B&B in Taiwan, no 
matter legally issued or not, has grown fast during the past decade. According to the official statistics released from 
2007, the total monthly rooms offered have increased from 140,702 to 368,759 in 2014. In the same period, the 
monthly rooms rent have increased from 16,493 to 87,080, monthly accommodation visitors have raised from 
44,604 to 222,381, the monthly total income have lift from 28.41 million to 207.67million, and employee in this 
industry started from 778 to the end of 6,519. The above growth means 162%, 428%, 399%, 631%, and 738% in 
each operational index. Compared with the relatively mercy control in B&B, hotel industry in Taiwan is regulated 
more strictly. Administrated by Tourism Bureau, there are two types of hotel, regular and international, officially 
issued and classified in Taiwan. The number of business and room for accommodation is given in table 4. Table 5 
illustrates the number above in each county nationwide. 
Table 4. Businesses and rooms of accommodation in Taiwan 
Year B&B  Hotel 
Legal Illegal  Regular International 
Business Room Business Room  Business Room Business Room 
2,003  - - - -  - - - - 
2,004  - - - -  25 2,966 62 18,812 
2,005  - - - -  26 2,995 62 18,903 
2,006  1,426 5,773 329 1,829  28 3,230 60 18,331 
2,007  2,084 8,292 441 2,501  30 3,447 60 17,827 
2,008  2,477 9,866 501 2,868  31 3,554 59 17,497 
2,009  2,784 11,103 463 2,651  31 3,672 63 18,348 
2,010  3,057 12,164 399 2,313  33 4,277 68 20,014 
2,011  3,282 13,034 396 2,255  37 5,072 70 20,497 
2,012  3,506 13,920 405 2,353  37 5,058 70 20,369 
Resouced: Tourism Bureau, R.O.C. (2013) 
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Table 5. Businesses and rooms in countries 2013 
County B&B  Hotel 
Legal  Illegal  Regular  International 
Business Room  Business Room  Business Room  Business Room 
New Taipei 145 525  29 214  4 274  2 293 
Taipei - -  - -  14 2,040  25 8,313 
Hsinchu - -  - -  0 0  2 465 
Taichung 62 218  2 20  3 538  5 1,135 
Tainan 67 279  1 10  1 40  5 1,201 
Kaohsiung 55 227  1 3  1 250  10 3,616 
Yilan County 752 2,877  23 120  2 201  3 622 
Taoyuan County 22 97  10 41  4 805  4 1,110 
Hsinchu County 55 210  26 92  1 389  1 386 
Miaoli County 206 732  4 11  1 107  0 0 
Changhua County 22 84  1 14  - -  - - 
Nantou County 507 2,383  101 585  1 54  3 399 
Chiayi  - -  - -  1 120  1 245 
Chiayi County 110 376  53 279  3 236  0 0 
Yunlin County 62 264  7 22  - -  - - 
Pingtung County 142 636  72 533  1 105  2 699 
Taitung County 496 2,020  5 29  0 0  2 459 
Hualien County 896 3,210  25 72  0 0  6 1,530 
Penghu County 228 1,033  26 156  1 78  0 0 
Keelung 1 5  0 0  1 141  0 0 
Kinmen County 115 501  0 0  - -  - - 
Lianjiang County 35 150  11 76  - -  - - 
Total 3,978 15,827  397 2,277  39 5,378  71 20,473 
Resourced: Tourism Bureau, R.O.C. (2013) 
3. Data and methodology 
3.1. Data 
Base on the data’s availability and some business ever run but closed down shortly or lately, monthly housing 
performance indexes, including the room sold ratio (RSR), averaged room price (RAP), and averaged productivity 
per employee (PPE), of 76 international and 37 regular hotels were collected for analyzing. The period covered from 
July 2010 to June 2013. Differing from the operational information for individual hotels is obligated to report 
monthly operational information to authority; individual B&B business does not need to submit their operational 
privacy as precise as hotels do. Therefore, except for hotels, all the B&Bs in the same county were aggregated into 
one record monthly. Thus, there were 19 counties of B&Bs also included in this study. While business numbers and 
business-month analyzed within July 2010 to June 2012 are given in table 6, table 7 demonstrates the descriptive 
statistics of 3 dependent variables. 
Table 6. Business numbers and business-month 
Category Business 2010 2011 2012 2013 Total 
International hotel 76 432 899 900 450 2,681 
Regular hotel 37 164 353 382 199 1,098 
B&B 19 108 216 220 112 656 
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Table 7. Descriptive statistics of normalized dependent variables 
Year Qtr Z_RSR Z_RAP Z_PPE 
ġ Intl. Hotel Reg. Hotel B&B Intl. Hotel Reg. Hotel B&B Intl. Hotel Reg. Hotel B&B 
ġ  ġ mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. mean S.D. 
2010 3 0.217 0.627 -0.118 0.758 -1.491 0.478 0.054 0.950 -0.429 0.434 -0.622 0.236 0.095  0.562 0.005 1.265  -1.145 0.176 
4 0.536 0.668 0.199 0.931 -1.825 0.298 0.066 1.021 -0.424 0.504 -0.655 0.229 0.226  0.609 0.116 1.368  -1.285 0.098 
2011 1 0.197 0.682 -0.052 0.954 -1.701 0.296 0.182 1.059 -0.218 0.847 -0.563 0.291 0.217  0.613 0.126 1.410  -1.252 0.133 
2 0.263 0.621 -0.020 1.036 -1.610 0.371 0.150 1.021 -0.262 0.785 -0.607 0.227 0.165  0.545 0.011 1.408  -1.223 0.121 
3 0.249 0.609 -0.162 0.965 -1.395 0.400 0.203 1.076 -0.197 0.764 -0.543 0.259 0.149  0.542 -0.023 1.350  -1.148 0.192 
4 0.643 0.579 0.243 1.063 -1.704 0.305 0.165 1.048 -0.162 0.942 -0.556 0.267 0.419  0.573 0.250 1.449  -1.265 0.117 
2012 1 0.289 0.692 0.010 1.050 -1.638 0.275 0.308 1.130 -0.096 1.116 -0.555 0.262 0.274  0.588 0.184 1.480  -1.248 0.118 
2 0.498 0.667 0.154 1.069 -1.628 0.354 0.193 1.058 -0.158 0.961 -0.568 0.230 0.229  0.683 0.155 1.499  -1.244 0.114 
3 0.342 0.629 -0.054 1.034 -1.413 0.409 0.263 1.110 -0.125 0.909 -0.529 0.225 0.177  0.587 0.179 1.550  -1.169 0.158 
4 0.654 0.544 0.147 1.091 -1.706 0.288 0.261 1.124 -0.080 1.009 -0.510 0.255 0.386  0.605 0.329 1.494  -1.266 0.116 
2013 1 0.304 0.672 -0.059 1.026 -1.626 0.314 0.402 1.222 -0.014 1.088 -0.501 0.285 0.333  0.674 0.221 1.569  -1.233 0.129 
2 0.401 0.606 0.045 0.977 -1.601 0.333 0.301 1.141 -0.144 0.906 -0.531 0.245 0.240  0.609 0.087 1.387  -1.227 0.122 
3.2. Methodology 
With analyzing 3 normalized dependent variables, the statistical procedures, including correlation analysis, K-
Means clustering and MANOVA analysis as well, were respectively conducted to explore the correlation among 
each different spatiotemporal B&B and hotel, classify and cluster each accommodation business into one cluster 
based on their similarity, and testify the hypotheses of heterogeneous means existing in factors or clusters. In order 
to reduce the dimensionality, MDS was performed to transform distances between objects from 3 to 2 dimensions 
and to make correlative positions visible. The detailed procedures would be given in the next section. 
4. Empirical finding 
4.1 Correlation analysis 
Examining the strength of association between two variables by calculating their correlation coefficient, the 
Pearson correlation in correlation analysis is the most commonly used parametric method among all variations 
(Larry et al., 2012). The significant sign in correlation matrix indicates the hypothesis of zero correlation 
significantly holds or not. The correlation coefficient between 3 normalized dependent variables of all businesses, 
international hotels, regular hotels, and B&Bs are given in table 8. 
Table 8. Correlation coefficient between 3 normalized DVs 
DV 
All Int. hotel Reg. hotel B&B 
Z_RSR Z_RAP Z_PPE Z_RSR Z_RAP Z_PPE Z_RSR Z_RAP Z_PPE Z_RSR Z_RAP Z_PPE 
Z_RSR 1   1   1   1   
Z_RAP 0.098* 1  -0.099* 1  -0.185* 1  -0.052 1  
Z_PPE 0.621* 0.279* 1 0.458* 0.384* 1 0.436* -0.002 1 0.786* 0.324* 1 
4.2 K-means clustering 
Usually applied in fields such as natural and medical sciences, economics, marketing, etc., cluster analysis, in 
marketing, is to build and describe the different segments of a market from a survey on potential consumers (Hardle 
& Simar, 2003). Two types of clustering method, hierarchical and non-hierarchical, are essentially used in clustering 
analysis. As a non-hierarchical algorithm, K-means clustering need to determine the cluster number in advance and 
can therefore be processed. Cluster number was set to be 8 in this study. In other word, each monthly record, no 
matter it denotes international hotel, regular hotel, or B&B, was assigned into one of 8 clusters according to the 
shortest distance calculated from the input or, equivalently, clustering, variables. Table 9 indicates the coordinates of 
final centers and the members contained in each cluster. 
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Table 9. Coordinates of final centers and the members 
DV 
Cluster 
1 2 3 4 5 6 7 8 
Z_RSR 1.1454 -0.8573 0.6145 0.8387 -0.1148 -1.6060 -0.1327 0.8412 
Z_RAP -0.5771 1.1342 1.3868 -0.3441 -0.3383 -0.5730 3.9305 -0.0378 
Z_PPE 5.6364 -0.0849 0.8470 0.0943 -0.1955 -1.1532 0.3886 1.3237 
No of cluster 55 222 466 1,342 1,139 840 120 251 
% of objectives 1.24% 5.01% 10.51% 30.26% 25.68% 18.94% 2.71% 5.66% 
4.3 MANOVA 
Referred as an extension of the independent samples t-test, analysis of variance (ANOVA) compares univariate 
means of more than two groups at a time. However, if multivariate means should be compared, multiple analyses of 
variance (MANOVA) is a statistical procedure usually adopted to testify the null hypothesis of homogeneity of 
group means significantly holds. In comparison to running a series of ANOVAs, MANOVA is regarded to be more 
effective and robust.  
Two MANOVA processes were separately executed in this study. The first process, by applying general linear 
model (GLM), was a 3-way MANOVA. As 3 normalized variables playing the roles of multivariate DVs, the 
variable HtlCat (defining international hotel, regular hotel, and B&B), Year, and Quarter were 3 fix factors. The 
interactions between factors were overall allowed in experiment. The result showed that the effects of factors 
HtlCat, Year, Quarter, and Year*Quarter were significant, but HtlCat*Year, Year*Quarter, and 
HtlCat*Year*Quarter were insignificant. Table 10 and table 11 are given to demonstrate the multivariate tests and 
tests of between-subjects effects. 
Except for the first MANOVA process, in order to compare the heterogeneous means of 8 different clusters, 3 
normalized DVs, Z_RSR, Z_RAP, and Z_PPE, were also fed into MANOVA procedure to testify the heterogeneous 
means existing. While the probability of calculated Wilks’ Lambda was less than 0.05, the results implying the 
clustering process made significant sense. After MANOVA being performed, if the result is significant, the post hoc 
tests should be therefore executed to clarify which paired heterogeneous means exist. Bounded by words and pages 
allowed, the results of post hoc were not offered here. Table 12 tabulates the tests of between-subjects effects in this 
1-way MANOVA analysis. 
 
4.4 MDS 
Multidimensional scaling (MDS) is a mathematical tool that uses proximities between objects, subjects, or 
stimuli to produce a spatial presentation of these items. As a data reduction technique is often used to understand 
how people perceive and evaluate certain signals and information, MDS concerns the problem of finding a set of 
points in low dimension that can be as unbiasedly as possible to represent the configuration of data in high 
dimension (Hardle & Simar, 2003). 
Using 3 normalized DVs as input to MDS as dimensional variables, figure 2 illustrates the stimulus 
configurations for all objects, international hotels, regular hotels, and B&Bs, respectively. Var1 to Var12 represent 
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Table 10. Multivariate tests (by HtlCat Year Quarter) 
Effect Wilks' Lambda Λ  F  Hypothesis df  Error df  Sig. 
HtlCat .477  655.375  6.000  8794.000  .000 
Year .993  3.273  9.000  10701.293  .001 
Quarter .993  3.617  9.000  10701.293  .000 
HtlCat * Year .997  .692  18.000  12437.079  .823 
HtlCat * Quarter .985  3.712  18.000  12437.079  .000 
Year * Quarter .999  .344  15.000  12138.582  .991 
HtlCat * Year * Quarter .999  .143  30.000  12906.740  1.000 
Table 11. Tests of between-subjects effects (by HtlCat, Year, Quarter) 
Source DV Type III Sum of Squares df Mean Square F Sig. 
HtlCat Z_RSR 1970.537 2 985.269 1930.114 .000 
Z_RAP 350.090 2 175.045 191.270 .000 
Z_PPE 1090.913 2 545.457 743.446 .000 
Year Z_RSR 3.486 3 1.162 2.276 .078 
Z_RAP 17.975 3 5.992 6.547 .000 
Z_PPE 4.033 3 1.344 1.832 .139 
Quarter Z_RSR 12.370 3 4.123 8.077 .000 
Z_RAP 2.205 3 .735 .803 .492 
Z_PPE 5.718 3 1.906 2.598 .051 
HtlCat * Year Z_RSR 2.241 6 .374 .732 .624 
Z_RAP 2.606 6 .434 .475 .828 
Z_PPE 2.790 6 .465 .634 .703 
HtlCat * Quarter Z_RSR 31.916 6 5.319 10.421 .000 
Z_RAP .459 6 .076 .084 .998 
Z_PPE 7.727 6 1.288 1.755 .104 
Year * Quarter Z_RSR 1.815 5 .363 .711 .615 
Z_RAP .227 5 .045 .050 .999 
Z_PPE .884 5 .177 .241 .944 
HtlCat * Year * Quarter Z_RSR 1.285 10 .128 .252 .991 
Z_RAP .434 10 .043 .047 1.000 
Z_PPE .764 10 .076 .104 1.000 
 
Table 12. Tests of between-subjects effects (by K-means clustering) 
Source DV Type III Sum of Squares df Mean Square F Sig. 
K8C_member Z_RSR 3716.728 7 530.961 3277.091 .000 
Z_RAP 3619.361 7 517.052 2809.816 .000 
Z_PPE 3713.742 7 530.535 3260.885 .000 
 
5. Discussion and conclusion 
Tourism demand can be normally measured either by tourist arrivals at a destination, and tourists’ expenditure 
while visiting, or nights stayed. Aimed at making the operational-efficiency comparison with hotels and B&Bs 
simultaneously, this study, by comprehensively reviewing the official investigation, confirmed that not only the 
traveling demands, but the accommodation demands were keeping relatively and constantly solid during the past 3 
years. These phenomena were supported by table 1 to table 5. 
Data was originally collected and calculated from official data bank, and any records with incomplete and 
redundant parts in data were cut off in the stage of cleaning. Thus, the studied period, as shown in table 6, was from 
July 2010 to June 2013.  
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Fig.2 Derived stimulus configurations for normalized DVs (means of each month) 
With analyzing 3 dependent variables, including the room sold ratio, averaged room price, and averaged 
productivity per employee, a series of the statistical procedures were executed in order. The research tools adopted, 
containing correlation analysis, K-Means clustering, MANOVA analysis, and MDS as well, were respectively 
conducted to explore the correlation of dependent variables within B&B and two kinds of hotel, classify each 
accommodation object into one cluster based on relative similarity, testify the hypotheses of heterogeneous means 
existing in factors or in clusters, and finally reduce the dimensionality in order to have better and easier visible 
interpretation. As table 7 offered the descriptive statistics of dependent variables, table 8 demonstrated the mutual 
Pearson correlation coefficients in different types of accommodation. Table 9 summarized the clusters’ means and 
indicated members and corresponding percentages for each cluster. The results of 3-way MANOVA were shown in 
table 10 and 11. Table 12 proved that the results of K-mean process successfully clustered objects into 8 different 
groups. Finally, under the operation of MDS, different objects can therefore be observed in 2-dimension instead of 
originally allocated in 3-dimension space. Some samples of MDS results were graphed in fig. 2 to fig. 3. 
 
All Objects  International 
Hotels 
Regular Hotels B&Bs 
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Fig.3 Derived stimulus configurations for normalized DVs (36 months) 
The experimental findings can be summarized as follow. 
1) Except for the pair of RAP and PPE in regular hotel, and the pair of RSR and RAP in B&B showing 
insignificancy, rests of the paired correlations were all significant in international hotel, regular hotel, and B&B. 
This can be regarded as different operational conditions varied in different accommodations. 
2) Among all significant paired correlations mentioned above, the pair of RSR and RAP in international hotel, and 
the pair of RSR and RAP in regular hotel were negatively correlated. This indicated room average price 
conversely influenced the room sold ratio in international and regular hotel in Taiwan. 
3) With only mean of RAP was less than zero, cluster 1 not only performed well in RSR, but got highest PPE 
among all clusters. Contrast with cluster 1, cluster 2 possessed higher RAP but got lower RSR and PPE instead. 
Cluster 3 was the only one group with all positive DVs. It implied that objects belonged to this cluster were 
ranked on the top leading group no matter in which DV. Cluster 4, similar to cluster 1, had negative RAP and 
positive RSR and PPE, but the spread range between DVs of this cluster narrowed distinctly. Cluster 5 and 6, 
with all negative DVs meanwhile, indicated the operating-efficiency of this cluster was overall worse than 
others no matter in whichever aspects. The main difference between these 2 clusters was that cluster 6 did even 
worse than cluster 5 overall. Cluster 7 operated best in the aspect of RAP among all clusters and was fair in 
PPE, while RSR was below average. Cluster 8, with positive RSR and PPE and similar to cluster 1 and cluster 
4, had second highest PPE among all clusters. 
4) The sum of ratio for cluster 4, cluster 5, and cluster 6 was closed to 75%. That implied 3 quarters of objects 
belonged to these 3 clusters. The detailed percentages of member belongings for clusters cross hotel types were 
listed in table 13. 
5) From table 13, we first found that, regular hotels contributed 100% of cluster 1, and cluster 2 was formed by 
59% of international hotels and 41% of regular hotels. 
All Objects  International 
Hotels 
Regular Hotels  B&Bs  
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6) Most international hotels, roughly about 82% of all international objects, were classified into cluster 3, 4, and 5. 
Most of regular hotels, roughly about 78% of all regular objects, were classified into cluster 4, 5, and 6. No 
B&B was found in cluster 1, 2, 3, 4, 7 and 8. These phenomena pointed out, in practice, there commonly existed 
different operating-efficiency among international, regular, and B&B. 
7) The type, year, quarter, and type*quarter were significant factors with heterogeneous means. However, 
interaction of type*year, year*quarter, and type*year*quarter were insignificant at all in 3-way MANOVA. 
Table.13. Percentages of member belongings for clusters cross hotel types 
Category Int. Hotel Reg. Hotel B&B Total 
Cluster 1 No. - 55 - 55 
% of cluster 0.00% 100.00% 0.00% 100.00% 
Cluster 2 No. 131  91 - 222 
% of cluster 59.01% 40.99% 0.00% 100.00% 
Cluster 3 No. 434  32 - 466 
% of cluster 93.13% 6.87% 0.00% 100.00% 
Cluster 4 No. 973  369  - 1,342 
% of cluster 72.50% 27.50% 0.00% 100.00% 
Cluster 5 No. 794  333  12 1,139 
% of cluster 69.71% 29.24% 1.05% 100.00% 
Cluster 6 No. 42 154  644 840 
% of cluster 5.00% 18.33% 76.67% 100.00% 
Cluster 7 No. 96 24 - 120 
% of cluster 80.00% 20.00% 0.00% 100.00% 
Cluster 8 No. 211  40 - 251 
% of cluster 84.06% 15.94% 0.00% 100.00% 
Sub. Total No. 2,681  1,098  656 4,435 
% of sub. total 60.45% 24.76% 14.79% 100.00% 
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